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DETAILED ACTION 



Claim Rejections - 35 USC § 112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

The term "modulus of silicon" in claim 13 line 3 is a relative term which renders 
the claim indefinite. The term "modulus of silicon" is not defined by the claim, the 
specification does not provide a standard for ascertaining the requisite degree, and one 
of ordinary skill in the art would not be reasonably apprised of the scope of the 
invention. Specifically, the term "modulus of silicon" may vary depending upon for 
example crystalinity, purity, and other physical factors. As such the immediate claim 
wherein a third material is provided "having an elastic modulus greater than the elastic 
modulus of silicon is rendered indefinite". 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 



Application/Control Number: 10/677,087 Page 3 

Art Unit: 1731 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

Claims 1-3 and 5-1 1 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Berthold et. al. (Sensors and Actuators 82, 224-228,(2000)) in view of Fukushima 

(PCT/JP03/00570). Briefly, Berthold reviews the anodic bonding of Pyrex 7440 glass 

layers with one or two intermediate layers. 

Specifically with respect to Claims 1,2,3, 5, 6, 7, 8, 9, 1 0, and 1 1 , Berthold 

teaches; 

1 . Providing a first material comprising glass (pg 225, 1J2) or Pyrex 7440. Corning 
Pyrex 7440 is understood to be an acceptable borosilicate glass (Specification pg 
6, Line 16). 

2. Depositing silicon carbide by PECVD or "plasma enhanced chemical vapor 
deposition " on a second Pyrex 7440 substrate (Pg 225, 1J2) which is read as 
providing a second material having an elastic modulus greater than about 150 
GPa. It is noted that silicon carbide is understood to posess an elastic modulus 
of 430 GPa (see Table 2 excerpt below) as disclosed by Spearing (Acta. Mater. 
48, 179-196,(2000)). 
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Table 2. Material performance indices for mechanical elements applied to microfabrica tabic materials, where possible data from microfab- 
ricated structures arc used. Note the fracture strength data are the most subject to variation 



Material 


Density, p 
(kg/m 3 ) 


Modulus, £ 
(GPa) 


[Fracture strength, <xr 
(MPa) 


Ejp 

(GN/kg m) 


attp 

(MN/kg m) 


^/f^MPa) 


Silicon 


2330 


129-187 


4000 


72 


1.7 


1.5 


Silicon oxide 


220Q 


73 


1000 


36 


0.45 


0.43 


Silicon nitride 


3300 


304 i 


1 1000 


92 


0.30 


0.10 


Nickel 


8900 


207 


500 


23 


0.06 


0.54 


Aluminum 


2710 


69 


I 300 


25 


O.U 


0.75 


Aluminum oxide 


3970 


393 


2000 


99 


0.50 


0228 


Silicon carbide 


330O 


430 1 


2000 


130 


0.303 


0208 


Diamond 


3510 


1035 


1000 


295 


0.28 


031 



3. The first and second materials are contacted and a voltage is applied between 
the first and second materials to cause an effective anodic bond (See Figure 1 
excerpt) 
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Fig. I. Anodic bonding set-up. 



It is further noted (Pg 224, 1J2) that bonding "temperatures not exceeding 400°C" or 
not exceeding about 350°C and "voltages of around 700V have resulted in 
successful bonding." Table 3 explicitly sets forth the ranges of experiments 
undertaken in the immediate reference, and of particular note for the immediate 
claim is the case wherein layer no. 1 is (a) none and layer no. 2 is (7) Carbide or 
"silicon carbide". 
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Berthold fails to explicitly set forth limitations upon the RMS surface roughness of 
the second material as indicated in the claim. However, applicant indicates (Pg 4, 
Iines17-19) that "polycrystalline SiC having a typical surface roughness of 
approximately 0.17 microns can be formed via chemical vapor deposition (CVD)." As 
indicated above, the silicon carbide layers of the Berthold reference are deposited 
via chemical vapor deposition. 

In addition, Fukushima teaches a method of forming a hermetic seal between two 
materials by anodic bonding. In the excerpt Figure 1 below, Fukushima lays out the 
relationship between the quantity of He Permeation or the quality of the hermetic 
seal as a function of surface roughness. 
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"[W]here the general conditions of a claim are disclosed in the prior art, it is not 
inventive to discover the optimum or workable ranges by routine experimentation."; see 
In re Aller, 220 F.2d 454, 456, 105 USPQ 233, 235 (CCPA 1955). A particular 
parameter must first be recognized as a result-effective variable, i.e., a variable which 
achieves a recognized result, before the determination of the optimum or workable 
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ranges of said variable might be characterized as routine experimentation (See In re 
Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA 1980) and In re Antonie, 559 F.2d 618, 
195 USPQ 6 (CCPA 1977)). In the instant case, Fukushima exposes a positive 
relationship between a decrease in the surface roughness and a corresponding 
increase in quality of an anodically bonded seal for surface roughness values in the 
range from 100nm to 400 nm. Therefore surface roughness is deemed a result- 
effective variable of anodic bonding process. Since typical CVD silicon carbide films 
have a surface roughness (RMS) of approximately 0.17 microns and optimization of the 
surface roughness result effective variable would be undertaken through routine 
experimentation, the immediate claim wherein "the second material has a surface with a 
RMS surface roughness of greater than 0.001 micron and less than about 0.2 micron" is 
obvious over the prior art. 

Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over Berthold 
and Fukushi as applied in the rejection of Claim 1 above, and further in view of Sarro 
(Sensors and Actuators A: Physical, 82(1), pp. 210-218, (2000)). Berthold-Fukushi fails 
to explicitly limit the PECVD silicon carbide film described above to be of the 
polycrystalline type as claimed. Sarro teaches that "The possibility of using lower 
processing temperatures and substrates other than single crystal silicon ...justify the 
interest in poly-crystalline... SiC layers" (Page 211, §2.2). It would have therefore been 
obvious to one of ordinary skill in the art practicing the anodic bonding procedure as 
instructed by Berthold-Fukushi to deposit polycrystalline silicon carbide as taught by 
Sarro. This would have been obvious to one seeking to reduce processing temperatures 
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for the SiC film deposition and thereby reduce the related equipment and operating 
costs. 

Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Berthold 
and Fukushi as applied in the rejection of Claim 1 above in further view of applicants 
disclosure fll[0026]). Berthold-Fukushi fails to explicitly provide the limitation where the 
surface of the second material is caused to be hydrophobic. However, applicant 
indicates that; "Before bonding, the surface of the second material may be treated (Step 
135). For example, a hydrophobic surface treatment may be applied to the surface. An 
effective bond may be formed with or without prior surface treatments 11 . 

w [A]ny differences between the claimed invention and the prior art may be 
expected to result in some differences in properties. The issue is whether 
the properties differ to such an extent that the difference is really 
unexpected. In re Merck & Co., 800 F.2d 1091, 231 USPQ 375 (Fed. Cir. 
1986)" 

Given applicants disclosure that the anodic bond is "effective with or without prior 
surface treatment", said surface treatment is understood to produce no unexpected 
result in the properties of the bond. Since the hydrophobic surface treatment provides 
no unexpected results in the bonding process over untreated surfaces, the immediate 
claim limitation wherein the method of claim 1 "further comprises causing the surface of 
the second material to be hydrophobic" is deemed prima facie obvious over prior art. 

Claim 13, 14, and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Berthold and Fukushi as applied in the rejection of Claim 1 above in further view of 
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the combined teachings of Wagner (6,550,337), Sarro (Sensors and Actuators A: 
Physical, 82(1), pp. 210-218, (2000)), Schmidt (Proceedings of the IEEE, 86(6), 1575- 
1585, (1998)), and Lee (J.Vac. Sci. Technol. B 12(6), 3425-3430, (1994)). Additionally, 
Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over Berthold and 
Fukushi as applied in the rejection of Claim 1 above in further view of the combined 
teachings of Wagner (6,550,337), Sarro (Sensors and Actuators A: Physical, 82(1), pp. 
210-218, (2000)), Schmidt (Proceedings of the IEEE, 86(6), 1575-1585, (1998)), and 
Lee (J.Vac. Sci. Technol. B 12(6), 3425-3430, (1994)) as applied in the rejection of 
Claim 13. 

With respect to Claim 13, Berthold-Fukushi fails to set forth a provision wherein a 
third material with elastic modulus greater than that of silicon is contacted to the surface 
of the first material and an anodic bond formed between said first and third material by 
application of a voltage there between. Berthold-Fukushi also fails to explicitly set forth 
the limitation wherein the first material is thinned prior to contact with the third material. 

Further regarding Claim 13, Wagner (6,550,337) teaches the fabrication of a 
MEMS based thin film pressure sensing structure (See Figure 2 Excerpt Below) 
comprising a pressure sensor die (101), a support structure (102), and a plate or header 
(103). The immediate reference teaches that the pressure sensor die (101 ) can be a 
material other than Si (Column 10, Line 1), that the header can be a ceramic (Column 
10, Lines 1-2), and that the support structure (102) is typically silicon or glass (Column 
4, Line 50). In this MEMS based structure, the support structure serves to mechanically 
(Column 5, Line 4) and Electrically (Column 5, Lines 12-17) isolate the Die (101) from 
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the header (103). Further, it is indicated that the die (101) and Support structure (102) 
can be bonded together in wafer form using an anodic bonding process (Column 4, 
Lines 60-65). 




FIG.. 2 A 

Sarro (Sensors and Actuators A: Physical, 82(1), pp. 210-218, (2000)) teaches 
that "silicon carbide is a material that has attracted much attention ...particularly due to 
its wide band gap, its ability to operate at high temperatures, its mechanical strength 
and its inertness to exposure in corrosive environments" (pg 210, §1). Sarro continues 
by indicating that polycrystalline silicon carbide films are suitable for high temperature 
thermistors and pressure sensors (pg 21 1 , §2.2). As such, it would have been obvious 
to one of ordinary skill in the art at the time of the invention to utilize polycrystalline 
silicon carbide as the material of construction for both the pressure sensing die (101) 
and the header (103). This combination would result in a silicon carbide/glass/silicon 
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carbide type sandwich structure. This would have been an obvious substitution for 
anyone seeking to construct a MEMS based pressure sensor for application in high 
temperature or chemically corrosive environments. 

Schmidt (Proceedings of the IEEE, 86(6), 1575-1585, (1998)) teaches that wafer- 
level packaging (or wafer bonding) can be a dominant component in the final 
manufactured cost of a device. "By achieving package function at the wafer level, it is 
possible to realize tremendous overall savings in cost since this enables the packaging 
of a multitude of sensors or actuators simultaneously, eliminating costly individual chip- 
packaging steps" (pg, 1576, § II). Since packaging at the wafer level could yield 
"tremendous overall savings" in the packaging of MEMS based structures as taught by 
Schmidt, it would have been obvious to one of ordinary skill in the art at the time of the 
invention fabricating the SiC/glass/SiC to utilize said wafer level bonding (e.g. anodic 
bonding) in order to realize these manufacturing savings. 

Further, Lee (J.Vac. Sci. Technol. B 12(6), 3425-3430, (1994)) teaches a new 
multi layer microstructure fabrication approach utilizing sequential anodic bonding 
processes to build up a laminate type structure. Lee indicates that "this technique can 
be used in a wide variety of application s such as packaging, micromechanical devices, 
3D very large scale integrated (VLSI) and optoelectronic devices" (pg3425, §1). As 
depicted in the excerpt figure below, the key to this approach is that sequential anodic 
bonding procedures can be undertaken to build a multilayer structure without affecting 
any previously formed anodic bond in the structure. It would have been obvious to one 
of ordinary skill seeking to package a complex MEMS type structure of the type 
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indicated by Wagner and with the financial benefits of wafer level bonding taught by 
Schmidt to utilize the multilevel anodic bonding process as indicated by Lee. 




Flfi. 4. Schematic illustration of multilayer anodic bonding process. 

It would have therefore been obvious to one of ordinary skill in the art building a 
laminate SiC/glass/SiC type structure of the type indicated by Wagner to combine the 
teachings set forth above by Sarro, Schmidt, Lee, and Berthold-Fukushi. As a 
restatement of the afore mentioned key concepts, Lee teaches that multilayer anodic 
bonding is possible and advantageous for assembly of complex multilayer structures, 
Berthold-Fukushi teaches that anodic bonding (wafer level bonding) is possible between 
glass and silicon carbide, Sarro reveals that silicon carbide would be a beneficial 
substitution in the MEMS pressure sensor structure as taught by Wagner for application 
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in high temperature or corrosive environments, and Schmidt teaches that wafer level, 
anodic bonding can be undertaken to achieve significant financial benefit in 
manufacturing costs for said MEMS device. 

The aforementioned combination would therefore read on the immediate claim as 
providing a third material of silicon carbide which is understood to have an elastic 
modulus greater than the elastic modulus of silicon, contacting the first and third 
materials, and applying a voltage between the first and third materials to cause an 
effective anodic bond to form between the first and third materials. In accord with the 
teachings of Berthold-Fukushi, it would be obvious to optimize the RMS surface 
roughness of the third layer to greater than 0.001 micron and less than 0.15 micron. 

With respect to claim 14 and in light of the rejection of Claim 13 above, Schmidt 
further indicates "wafer thinning" can be utilized to form MEMS based pressure sensors 
and that such a process results in considerably smaller cavity depth than can be 
accomplished with bulk micromachined devices. As such, the process of "wafer 
thinning" is deemed a routine procedure encountered in the fabrication of MEMS based 
pressure sensor structures. Further, as indicated in the rejection of Claim 13 above, the 
role of the insulating support structure (102) is to provide mechanical and electrical 
isolation between the membrane (101) and the header (103). It would be obvious to 
one of ordinary skill in the art at the time of the invention to utilize the well-established 
process of wafer thinning to thin the support structure (102) and to optimize the 
thickness of said support structure to provide the desired level of mechanical and 
electrical isolation. 
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Regarding Claim 15 and in light of the rejection of Claim 14 above, applicant 
indicates (pg 4, If [0018]) that "the glass layer can be thinned to 10.0 jam to provide, for 
example, a sandwich of a thin glass layer between two anodically bonded 
polycrystalline substrates". Since the thickness of said glass layer is understood to 
produce no unexpected result in the properties of the bond, the immediate claim 
limitation wherein the method of claim 14 "further comprises causing the first material to 
have a thickness of less than about 10.0 jim" is deemed prima facie obvious over prior 
art. 

Claim 16 is rejected under 35 U.S.C. 103(a) as obvious over Berthold-Fukushi as 
applied to Claim 1 above. In the instant case, Claim 16 is drawn to a device made by 
the process set forth for the method for anodic bonding as outlined in Claim 1 . As such, 
Claim 16 amounts to a product-by-process claim for the processes set forth in Claim 1. 
In the event any differences can be shown for the product-by-process claim 16, as 
opposed to the product taught by the Berthold-Fukushi reference, such differences 
would have been obvious to one of ordinary skill in the art as routine modification of the 
product in the absence of a showing of unexpected results, see In re Thorpe, 227 
USPQ 964 (CAFC 1985). As the afore mentioned claim is a product by process claim, it 
is deemed that "[A]ny difference imparted by the product by process claims would have 
been obvious to one having ordinary skill in the art at the time the invention was made 
because where the examiner has found a substantially similar product as in the applied 
prior art the burden of proof is shifted to the applicants to establish that their product is 
patentably distinct, ..."In re Brown, 173 USPQ 685, and In re Fessmann, 180 USPQ 
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324. Further, "[PJrocess limitations are significant only to the extent that they distinguish 
the claimed product over the prior art product." In re Luck, 177 USPQ 523 (1973). 
Claim 17 is obvious in light of the rejections of Claims 1 and 13 above. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jason L. Lazorcik whose telephone number is (571) 
272-2217. The examiner can normally be reached on Monday through Friday 8:30 am 
to 5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Steven Griffin can be reached on (571) 272-1 189. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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